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- BFFECT OF A MAGNETIC FIELD ON PHENOMENA
IN A DIODE WITH CESIUM VAPORS

by
N. D. Morgulis and Yu. I. Chutov

The effect of a magnetic field on an electron shart circuit stream and on tha
characteristics of the entire strear was invesiigated in & decelersting electric
field in a dfode with cesium vapors as a close model of & thermoelectron energy trans-
formers an interpretation is given on the obtained expreimen tal results,

Investigations of the nature of thermoelectren transfarmetion of thermal energy
into electric requires a general explamatiocn o the role of various physical pheno-
menagwhich take place on the surface of comverier electrodes and in its interelectro.-
de space as well, Concentrating rec:-ntly atterntion on diversified,and important for
ths opereation of such a comverter, phenomens ir cesium plasms, vhich ardinarily fills
up its interelectrode space, we have now turned to the question regarding the effect
of a magnetic field,

Questions regarding the ffect of a transverse magnetic field on the perfarmance
of a thermoelectron converter with cesium vapcrs, attract immediately the attention
in cmnection with the fact thats 1) in such a way it is possible, in principle, to
obtain directly in the converter a va-iable strear of necessary frequency, influen-
cing it with a variable magnetic field|l]and[27 in accardance with the theoretical
leyds mede by@} on the formation by the converter current an eigen magnetic field
since this may to & considerable ex’er’ affe:t its operation, Fortunately the last
ones are not so dangerous, because the calculatioz mentioned s.n[z-‘_' was made in pure
vaowum approximation, while a similar trenclormex functions ordimarily in the pre-~

senoe of interelectrode cesium plasme in 14 , where the effect of the magnetic field

should be much lowers This fact for one case has already been explained long ago
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expreimentally m@‘_\ and only recently thecretically O in report by{4] o In connection

-%.. 2o great interest to this mrablem on the whole we explained in this report its
invistigation to greater length, Recently have been carried cut a series of interes
ting uma;mm on the effect of a transversc magnetic field on bipolar diffusiocn
i cesium plum[sl. There is no direct relation between our case of momopolar diffu-
sien of elecirons to the anode of the converter uvith cesium plasma and this investi
EAvion,

The experimntal instrumnts used by us for the basic measurements, alike in[3|
vere cylindrical diodes with cathode with tungsten filament of a radius of 0.15 mm,
mede burning hot, as usually in these cases, in one of the AC semiconductars; the
anode was made of tantalum and represents a cylinder with protective rings with a
radius of 4 mm, For a more da;auod examination of phenomena,which have been cbser-
ved by us into part of the: instruments was inserted a amall movable cylindrical sonde
(zrobe) similar to the ans desoribed in(6] ; the latter eculd move in the central part
of the interelectrode space along the given radius with the aid of a corresponding
movable system with screw threads, as is shown in £igil (here K = cathole, A-ancle,

K = protective ring; A=probe; RS= - movable system),

Ve meant of utilizing this robe for designations, as in[67], distritution in
space of parameters of our plasma in various conditions of the experimm t. The Dresmure
of cesiux vapars in the device D established by the temperature of its bottle ¢ with
in limits of 25 « 2/,0°C would be 10"6 = 003 mm Hg, The short circuit current densiity
close to the poiutot-aatmtionwas on the surface of the cathole I, and comtrolled
by its temperature Tj, and by the press.re p' and varied within limits of from 0,02
to 240 a/cu®, Near the surface of the anoce current density was aproximately 25 t4~
mes maller. The instrument was situated in an axial magnetZic field , which reached

400 e, which perfectly sufficient for the examined vroblem; this is eviderletileast
frun the fact that s 1) larmes udnug l’;_%—at H= J00 ¢ and electron ener-
¥ in our case V, = 0,25 - 1 ev doea not exceed o.xn.m'%}mam (2) maximm

FID-TT=43-351/1+2 2



eigen magnetic field K = 0.63 IR of typical 4isk section of converter vith R= 3 em
and I = 30 a/cnf,which with the sumery current of 850 s equals 60 e, In commecticon
with this it should be said, that a similar cylindrical diode with cesium vapors is,
ordinarily, a model for concrete reasl converters, comsequently its utilization as a
model of a similar converter under the very sams working conditions is quite handy
and gdvisable for studying the physies problem given in this report.

We shall begin examining this problem with the case of two actually variable ce~
sinm vapor pressures, : p = 3.10?1‘ mn Hg ( ¢+ = 90°C) and p = 0,3 mm Hg (t = 240°C) and
quite close short circuit current values I,e Since I, is regulated by cathode tem-
perature changes T the, as is evident fron the lmown adsorption dependence I, = £
(T) the function of the electrome outcans from the cathode gk changes here, and it
means also the contact difference of potentials Avktll o In a similar way wvas deter-
mined the dependence of the short efrcuit current I, upon megnetic field intensity H at
certain values I,, The depeniences I/I, obtained thereat I/I, = £ (K) are given in
2ig 24 Curve I corresponds to t = 90°C, I = 043 a/enf and T = 2500°K (smell eircles),
eni I, = 1.5 e/ and T 2500°K (small crosses); curve II = t = 240°C, I, = Ouh
a/a? and T, = 1700°%; curve III + + = 240°C, I, = 2.5 a/ex’ and T = 2500°K,

It is eviden from fig 2 that at a quite low I;ressuro (curve I) and 1',‘__}_2500%
when the free run of the electron|8] g3 R and contact difference of petentisls
AV = A Vigngx RRe5 v 1/X, = £ (H) decreases regardless of I,. That is why these
decreases are always slower than in case of mm[BJ. because the intensity of Hell's
critioal magnetic field equals H'~c25e. In comditions corresponding to curve II
£1g:2; where,on the contrary, ), 44 B end )V, £ 1b, and I, = 0.} a/ca” (seme as
in one of the instance of curve I),the form of the curve I/I, = £(H) changes noticesd-
1y end the tempo of its sloping slows dow ccndidersbly. IS beccmes similar 0 the
one obtained in case of bipolar diffusion of helium plamma to the walls in a magne-
tie mm@ although in cur case we have dealings with monopolar diffusion of elec—

trons to the enode, Otharwise, in case of curve IIT, when ), / / R, btut & = 2,0
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Fis.l. Fig. 2 .

= 2.5 vand I, = 2.5 a/cn (apraximetely the same as in another case of curve 1),
the picture changes radically~here is even observed of noticeable rise in curve,

The latier is explained apparently by the fact that during change over from curve II
to curve III both I, and AV, inerease (as result of partial desarption of cesium layer
from the surface of the cathode), In this way,are farmed favorable conditions for

the origination of an intensive cesium arc cischarge Yé} as in magnetron sources

of positive ions, Positive ions in this ccse can cause edditional meutralization of

the still existing electron spece charge near the cathode and DPossibly also additional
red hot glowing of the latter, which may be the cause for additional rise in curve III,
On the other hand, it could be expected that an opposite role in this oase will be
Played by an increase in ele;tron diffusion on account of reaction not oaly with

atams ,but with considerably more effective in this respect cesium ions. By camparing
the cross sections of diffusion of evlectrons oy atoms Q= DgQq and by ions Q'.I.'n:l.qi

.7 bscames evideat, that for g = 5 e 10'5 e and Q5 = 1.5° 10712 ome

<TDeTTmb3=351/1"2 4



and g % 20" D and g m 5102 6], R 30 e Gy 8 oL Qe
In this scattering of electron by cesium ions there should be no decisive role herc.
As 1s evidant from above statement, the transition into arc mode of operation of the
converter is favored not cnly by an increase in cesium wvapor pressure [6] but a = -
in electron stream density and contact difference of potentials, It should de sais.
that in condition t = 90°C, B\ 2500°K, I, = 1.5 a/ouf easily ariginate high frecue-
¢y oscillations vith a frequency close to 100 ko and initial aaplitude Jo ® 03 a/cr?.
On thase cscillations (we studied same in[10] ), which have, apperently, a tempor ¥
nature is also exerted an effect bythe magnetic field; dependence :I’/:I’o = £(H) 1s
shown in fig.2, by cuxrve IV, Making so far no final conclusions we nevertheless ~sll
attention to the hyperbolic nature of the curve IV, in field Q<R, then HY 10 o, which
is in conformity with the diffusion theory[ll] for the reactiom of cecillatcry mature.

The above listed characteristics of diodes with cesium vapors in a magnetic field
appear also on the dependences of ratio I/I,* upon the retarding cuter anode poten-
t1al V, at verious B (I,' corresponia to V, = 0)3 these dependenses characterize the
working condition of the converter. Similar dependences for &= 90°C and I, = 0,3 a/en®
are presented in fig.3 in form of comtimious cuxrves 1,2,3e4svhich ccrrespond to H= 0p
540y 803 210 e, As in case of curve I fige2, when -ohanging over fram I, = 0,3 a/cx®
to I, = 1,5 a/on® the form of the ourves fig,3 remains unchangeds

Just liks owrve I fig.2 the family of curves l=j fige3 has qualitatively the wery

same nature as in case of s vacuum diode. Actually, curve I, wvhich carresponds to
H= 0, as if points toward the free movement of electrons from cathode to ancde, It
breaks away at Vg = 2,5 v, which as it could be expected,is practically equal to the
contact difference of potentials AV = /o5 = 1,8 = 2,7 v between pure and red hot to
T, = 2500°K tungeten cathods and the cold tantalum ancde covered by a cesium layer,
And in this way, the process of the corrected anode potential Va® = AV, - V, 1s fixed
by the lower and recurring scale along the axis of the abscissa fige3. At a gradual

rise in magnetic field H the zone where each curve ariginates is displaced in the
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“irection of more positive walues of the corrected anode potential Va', as it should

take place in case of vacuum,
Jl’:- u.

oL
1

as
as|
a4 -

o

o=z
Vad~ 20

’

It should be remembered here that for the specific distribution of potential in
interelectrode space [6]which is characterized by the presence of plasma and near
ancde potential jumpe The sha~p descend in curves fig,3 to the axis of the absciasa
can be explained by the fact, that in these conditions over the electron stream is
superimposed a noticeable stream of cesium thermo ionse In accordance with data in
fige3 with the rise in H there is slcw reduction in maximm output load Vm&] which
is important far the operation of the converter; the dependence V, = £(H) obtained
by us is indicated by the dotted curve 1' in f£ig,2, The dotted curve I' in fig.3 in
dicates the dependence I/T, = £(V,) at H= O for high frequency AC current, which
carresponds to conditions of curve IV £ig,2. In this case, as inf(id], the value V,
appeared to be smaller,than in case of curve 1 £ige3es and the very ¥, ~c 049 Ve

#uch more camplicated vere fouad to te wurves I/I Y = f(va), obteined in case
of ¢ Gecelerating field in cnnditiocas where they correspond to curves II and IXI
Tig.c ieeeat t = 24,0°C; they are shown in rizel, whers i = 0,40, 80 and 210 e, and
<ol lespond to varicus desigmatiocas, Firey i all we wani to call attention to the
fact that in céntrast to the csse wiere t = $0°C, at t = 240°C I/I,* does not depend

ueon the value T in the irdieztel rapge of its values, This, 1s possibly, explasined

FTD=TTwb3e551 /100 é



by the fact , that at ’“8 the magnic field affecting the electron diffusion coef
ficient D, and the magnitude of elr:tron stream - fram the cathode to the anode of

our diode (alike the elestron stream from plasma to scmewhat positive nroboE.l]
; . T dn, o
L= e2xRI{14-2|D, [ =), -
s IR ( -_'-7‘..) '(dr)n'"-.w-- o
does not actually affect the characteristic of their respective distridbution ascord-
ing to energies, which is quite probvable,
Curve II figeIV,which corresponds to amall I ~0.4 a/c:ll!2 has, like in case of

vacuum, & horizontal part, which extends to Vo = 0.8 v,

M: L\ '.. )
g6
o
:aﬂ - _,-'0,5 -'..0 ' '.9. .." 20 ¥K.o
Figele

The presence of an initial horizcntal plot in ourve IT figehesas is evident from
examining the dependences Io=f(T)|7p is comnected with the existence in these con-
ditions with an aceelerating electron contact potential difference, which equals
appraximately 0,8 v, Since it is noticeably smaller than the potential of cesium
atom exeitation (Vi = 1,5 v),then all collisions between electrons and atoms have
only an elastic (without noticeable energy losses) nature, In the zone of existence
of accelerating electric field potentials formed by this potential difference is poe=
sible, apparently, a drifs of all electrons which came out from the cathode, to the
ancde [12] , Jwst es in case of quasivacuum condition {63 o Vhen changizg over to the

condition carresponding to curve IIT in fig.l, the contzct difference of potentials

FTD=-TT=63=351/1+2 7



rises (Avkpfz.o v) and already exceeds values W, for cesium, Together with the in-
.7-3 1n Ig and p this leads to the arigination of an intensive shock (gradual)
ionization, that is to the formation of of are condition(éJe The besic mass of elec-
trons of the short oirouit current.which originate in this case, have now quite low
natural (eigen) energy; this is also due for the sloping of curves III, Surprising
is the presence in curve II of such a "long * taii, which at values V, converges with
curve III, The impression arises, that this is due ta thermo electrons with local
cathodé seotions from vhich the film has been removed, It is interesting to point out,
that the optimm cutput loed ¥, in cases II and III was revealed with an identical
V., = 049 vy it ordinarily does not depend upon H, For the additional réle which in
this case is also played by an increase in the cross section of electron diffusion
on account of reaction not onLy with atomsg,but also with cesium ions, we have already
stated before,

In favor of the above consiierations relative to ourves II and III fig.,li speak
also the values of parameters obtained in these conditions by interelectrode plasma,
1.6, concentration n, and temperature Ty its electrons and space potential Vp of the
espective anode, With this method were measured probe characteristicsin conditions
closeto date given in figel, end the cues, at ¢ #210°C, H= 0 and I, 0,05 a/cw®
(II%) and I, = 1,5 o/cx® (IIX') at a certain averago.position (xr=2 R). of the jrabes.
the.obtamd characteristicsare plotted in fig,5 (their scale along the axes of the
ordinates are different)e It is evident from f£ige5, that for the characteristic II*
ng = 2 1017 a3, T,=5000%, V,==C.35 ¥, end for ITT® n, = 2020 ™3, T =2800%
and V, = + 0,55 v, These data in conformity with the cnes obtained by (6)show, tbat
in case II' we actually have quasivacuum, and in case III' - and arc operating con~
ditiom of tha diode and that the transition fram condition II' to comdition ITII' is
cconacted not only with the rise in cesium wapor pressure r:l.ai.hxt also (at higher

fressure) with the rise in farce of the electron stream and contect difference of

potentials,

PTD-TM63=351/1%2 8



FigeSe Pigebe
In £ig,6 is showm the dependence of respective shart circuit current values I/I,

upon the velue H at various cssium vapor satum tion temperatures (1 = 25°C, 2 = 90°C,
3 = 120%, 4 = 150°C, 5 = 180°C, 6 ¢ 210°C), but at identical I, = 0.6 a/onf and T
a 2500°K, Only in case t = 25°C I, = o.l.S a/or as result of insufficient neutraliza-
tion of electron space charge by ou:ﬁm jons and at t = 210°C T = 2200 °K as result
of partial formation on the cathode of & cesium £ilm, Curve 1 ( p>20™" ma Fg) bas
a practical vaouum nature , since at Hy..q ® 25 ¢, according to Hell, I/, 22045,
With an increase in t tio JSO"G (except of case where ¢ = 120°C) there is a regular
ascent of the entire curve, due to regular mx;ema in the degree of electron 4if-
fusion, a.anasboenobmdmmnm[g].Inmaon.t-:.so-zeo%
(p=» 1 = 3°10™2 mm Hg) 1s a sharp rise in the curve , comnected, apparently, with the
srensifdon fron quasiveosm te sre ocpdition (6], vhere intensive impect fcnisetion ors-
givates in volums, Finally, in the zcne ¢ = 180-210°C is a further ascent of the curve
analogous to that desecribed in £1ge2, L.0s1/I,>1. The nature of the streem in

FTD-TT-63=351/142 9



the decelerating ﬁ.old, vhich carresponds to these temperatures, changes regularly
frca the characteristics given in f£ig,3 to the omes given in fig.he

In cese t = 120°C and I, = 0.6 a/cm? the dependence I/Io = £ (H) has an anamlous
charaoter (dotted ourve 3 in £1g.6). This csn be explained by she crigination of
sharply expressed oscillations (finctustions)(107). In the zone of the curve up to the
‘rserved here deformation (B 100 e) these oscillaticns with a frequency ¥ = 120 ko
hzve a periodical,though also sharply nonsimisoidal nature (illustraticn 1 £4g.7).
saey are considerably different from the observed by us oscillation of temporery na-
1e[10] et the very same t,B=0 and cloee to the: flat system of electrodes. On the
~t.er hand, at 8) 12= ¢ theas cscillations acquire a clearly expressed noise nature,
&3 it 1s evident fram illustration 2 fig,7.

Y CErRasar o e e
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It is posaible, that exactly in this cass ( t~7120°C), ordinerily rurely qualitati-

ve, should take place the described m[yﬂ mechenism of diffusion in the magnetio
ficld during interaction of oscillatory nature and with hyperbolic depemdence D, =
£{Z). These Dhencmena,which da; take place here, are highly complex, and it is also
evident from £ig.8 hor the family of stream characteristics is plotted in the decel~
erating fiald at ¢ = 120°C and different E (0-1, jOer2, 80e-3, 210e=4). Ve do not
asve at this moment sufficietly convineing proof regerding the nature of these facts
<~a that is vhy we leave these questicns unanswereds

In £1g.9 are plotted dependences I/I, upan H for the case t = 210°C (p=0,1 m

FID=-TT=63=351/1+2 0



g,)-,.m‘%".':’m, and different cathode temperarures, T and shart eirouls euwrrents
cctmected vith 4% I, Ourve 1 corvesponts Yo %, = 1100°K, T, = 002 a/ead, Z = 1320°
X,X = 0,09 a/en, 3 B = 2160, I 0,09 a/cal 4 = 2480°K, I 1,3 a/eaf, 5~ 3, =
2550°K, I4e1,7 a/enf. Vhen amelyzing ﬂun dependences 1t is necesssry to incinde

the sdsorption dependences of the shord cirouit current I, upon q‘[?] at ¢ = 210°C
vith maximm a$ Tf = 1,00°K and starp rise et Tp = 2100°K, The temperature T',=
1400°K characterizes the begimning of noticeabls cesium film desorption from the tung.
sten liner, and Tg = 2100°K ~ trensition into the fieId of total desorption, It oan

be showm, that curve 1 corresponds to mch a state of the cathode, vhich at the
Richardson constant A = 3 a/cm.degree® charecterizes the funoticn of electron cutput
Y = 1.8 ev, 1.6, contact difference of potentisls relative to the anole AV, =0
(considering, that g = 1,8 e¥), curve 2 in'this case A + state ,which is characterized
§, = 20 o, 150.4 V= 0,2 ¥, and curves 3-5 at. A = 120 a/caPudegr” = state vhich 1is
chugctor.l.u& by constant nluuykl 4e2 W, Le0s [y ® 2,4 ¥; all these data are in
perfect agreement with the known data for the Co-¥ system:

Tig.8
An amlysis of curves £ig.9 leads us to a series of iateresting conclusicns,
Firss of all i$ is Xevealed that the slope otmloo_rrupems gulitatively very

vell with the theoretical {19]-
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if it is consideredthat the streem through the diode is proparsional to the diffu-
sion cocefficient D, Aotuslly, :l.ty 4 knowmy, then on the besis of ecmparing formulas
(2) vith investigation data it is pous.bh to designate ). . and by it the effective
cross section of electron diffusion by cesium atams Q . It appeared to be equal
apIracimately to 100 ca) at p= 1 mn Hg; these values are in quite good conformity
with the cnes obtained in[B8] . In this respest cut investigations correspond also
vith data of(9, 14] which proved validity of farmla (2) for the case of momopolar
diffusion of weak electron streams in a transverse magnetioc field, Whan chmging
over from curve 1 to 2 we observed a slight rise in curve,typical for the case of
rise in stream at Iractioally unchanged comditions(9J.

The change over fran curve 2 to 3 is interesting by the fact , that in this case
at unchanged I, and D ( at’] & 1), there is a sharp rise in contact difference of
potentials AV .. The path ofthe curve is sharply different from 2 = curve 3 rises
charply upvards as result of the above mentioned transition fr*cm quasivacum to are
mode of operation at which in the volume originates intensive impact ionization.
Curve 4 anslogous to curve III fig 2 and curve 6 figs€e Finally, ourve 5 fig.9 vith
the rise in H no longer has a meximm, apparently, as resuls of the fact, that in
:zis case already fram the very begimning thare is a ssturation stream and the pow
;antial minimm £s entirely absent,

It 1s evident from above stated, than at analysis of physsical rhencmena,which 40 .

interest us, is actually oamplicated by the fact, that by tho very canplicated effeot
of the magnetic field on the diffusion of electrons there is still an additional
difficulty, insufficiently controlled, influence of ionization phencmens in volums,
In accordance with formula (1) from analyzing the streem in the dicde it is necessaxy
to change over to direct analysis of the 'dimuicn coefficient Dye For this purpose
it 1s also necessary to utilize the jrobe method censidered by us before,

FID-TTwb37 ;1/142 12
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Figure 9, Figure 10.

This method allows to determine the distritution of charge concentrations ne = np
and, it means, also their %& gradient. Unfortunately, such measurement in a magne-
tic field are complicated by the fact, that in this case can be utilized only ions
of a part of the probe characteristic. Among other things during operation in our
system of cesium fill coating the probe becomes heated somewhat (6) and because of
this it can produce its own thermoelectron emission. This thermo electron
emission may actually change the measurement results of relatively small ion

of a negatively charged probe and in this way to a large extent hamper similar
measurements. Because of this, we could rot carry out systematic measurements

of this type and we are compelled to confine ours~.ves only to cases when

we succeeded in distributing the thermoelectron and ion streams of the probe. The
concentration of charges was determined by the ion particle characteristic

using the Langmuir method with the "attachment® of data obtained here

at H = Oto data obtained from the electron part.,

FID-TT-63-351/142 13



A felicitous example of similar measurements for the case of curve 5 £ig.9 1.0,
st t = 210°C, % = 2550°K, I, * 1,7 a/exf” in scale T2 = £(V,), giwn in £1g010,
The straight line I corresponds to H= 0, I/I 1, II=He120 e, I/I°- 1, 1T~ Hs=s
400 e, I/I, = 0.7, The solid straight lines pertain $0 the case vhen the fesler is
at a distance 4 = 2 ™m fram the anode, dotted lines » for the case ,wvhen & = 0,5 mm;
to each group of straight lines corresponds a nstural scale along the axes of the
adinates, it is evident from the drawlné. thatis 1) in conformity with the theory
the dependence 1'§ = £ (V) has a rectilinear mature; as the angular coefficient can
be designated the comcentration of charges n; which has here comventional valnes [6];
2) valus n, changes in the sams mamer as stream I,icecthese values couverge in cases
of curves I = IX and are mualler in case of curve III; 3) during the connection of
a sufficient magnetic field t'hu'o' is a ?;a-m caxtraction of the plasma; 4)from
the interrelation of streams and values O« obtained from investigations were desig-
nated according to formila (1) the ratios of diffusion coefficients at H= 0 and
Es /00 ¢ I/D, 0.3; these values do not carrespond to formula (2).

In this way, the Dhysics data obtained in this investigation characterize favor
ably certain behavicral festures of our diods with cesium vapars in the magnetio
field as a sufficiently close model of a themo electron energy transformer, It is
particularly possible to point toward the fact that if in the future practical trans—
formers of current type with cesium vapors will be capable of fuontioning in aro
condition, which is quite probadle, then the influence of the eigen magnetio field

vill b © insignificant, In conneotion with this, the possibilify
otn;tin:ucnata very large cuter magnetic field for direct obtaimment of AC cur—
rent in the transformer of such type will, apparently,alsoc be quite limited,
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